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Structure and Corrosion Resistance
of Nickel–Molybdenum Alloy Coatings
M. Popczyk∗, M. Zacharz, P. Osak, G. Dercz and B. Łosiewicz
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Electrolytic Ni–Mo alloy coatings were obtained from the galvanic bath, at the temperature of T = 60 ◦C under
galvanostatic conditions using a cathodic current density of j = 80 mA cm−2. Surface morphology was studied
using a scanning electron microscopy. Chemical composition of obtained coatings was determined by the energy
dispersive spectroscopy. Structural studies were carried out using an X-ray diffraction method. Electrochemical
corrosion resistance tests were carried out in 5% NaCl solution. It was found that X-ray diffraction investigations
of all obtained coatings showed the characteristic “halo”, which suggests that the obtained deposits have an amor-
phous structure. Chemical composition and corrosion resistance of the electrolytic Ni–Mo coatings depend on the
concentration of Na2MoO4·2H2O in a galvanic bath. With the increase of the molybdenum content in the alloy
coatings, their corrosion resistance increases.
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1. Introduction
The electrochemical properties of nickel-based alloy are
well known. Their wide application is a result of specific
properties of nickel, which exhibits good corrosion resis-
tance in aggressive solutions and a high catalytic activity
for many electrochemical processes. In order to enhance
the utilization of nickel electrocoatings, various modifi-
cations can be applied, such as the use of alloys instead
of the pure element [1–5]. Recently, it was reported that
Ni–Mo alloy coatings of a high Mo content can be ob-
tained from pyrophosphate galvanic baths [3–5]. The
study examined the influence of the content of sodium
molybdate in a galvanic pyrophosphate bath on the sur-
face morphology, chemical and phase composition, and
corrosion resistance of the obtained coatings.
2. Experimental
Ni–Mo alloy coatings were obtained by electrodeposi-
tion from the following bath (concentrations in g dm−3):
K4P2O7 — 45, NiCl2 · 6H2O — 10, Na2MoO4 · 2H2O
— x (x = 5, 15, 25, 35, 45, 55, 65) and NaHCO3
— 75, under galvanostatic conditions using a cathodic
current density of j = 80 mA cm−2. Distilled water
and “analytical grade” reagents were used for prepara-
tion of the bath. The process was carried out at the
temperature of 60 ◦C. A sheet nickel served as an aux-
iliary electrode. The coatings were deposited on the
steel substrate (S235) of the geometric surface area of
1 cm2. The surface morphology of the coatings was stud-
ied using a scanning electron microscope (JEOL JSM-
6480). Chemical analysis of the coatings was deter-
mined by energy dispersive spectroscopy. Phase compo-
sition investigations were conducted by X-ray diffraction
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method using Philips X’Pert PW 3040/60 X-ray diffrac-
tometer (U = 40 kV, I = 30 mA) with copper radia-
tion (λ(Cu Kα) = 1.54178 Å). Electrochemical corrosion
resistance investigations on the prepared coatings were
conducted in a three-electrode cell, using open circuit
potential method and potentiodynamic measurements.
These measurements were carried out in 5% NaCl so-
lution, at the temperature of 20 ◦C, using Autolab PG-
STAT30 Potentiostat/Galvanostat Electrochemical Sys-
tem. The auxiliary electrode was a platinum mesh and
the reference electrode was the saturated calomel elec-
trode (SCE). Values of corrosion potential, corrosion cur-
rent, and polarization resistance were determined by the
Stern method.
3. Results and discussion
Independently of the bath type, the obtained Ni–Mo
alloy coatings had a metallic, dark grey surface (Fig. 1).
Chemical composition of coatings depends on the content
of sodium molybdate in a galvanic bath. With the in-
crease in the content of this component in a galvanic bath
there increases the molybdenum content in the coating.
The maximal content of Mo was found to be 63.5 at.%
(Table I).
Independently of the content of sodium molybdate in
a galvanic bath, for all obtained Ni–Mo coatings in XRD
patterns the characteristic “halo” was observed which
suggests that the obtained deposits have an amorphous
structure (Fig. 2).
Electrochemical corrosion resistance tests were carried
out in 5% NaCl solution. Potential of open circuit of coat-
ings was determined after 20 h. Based on the obtained
value of the open circuit potential a range ±0.050 V was
chosen for further potentiodynamic measurements with
rate v = 60 mV min−1.
On the basis of the obtained dependences j = f(E)
values of corrosion parameters were determined. It was
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Fig. 1. Surface morphology of the Ni–Mo alloy coat-
ings in dependence on the content of sodium molybdate
in a galvanic bath (a) 15, (b) 35 and (c) 65 g dm−3.
Fig. 2. The XRD pattern of the Ni–Mo alloy coating
(63.5 at.% of Mo).
found that for the Ni–Mo alloy coating (63.5 at.% of Mo),
value of corrosion current, jcorr, is least and value of cor-
rosion potential, Ecorr, is more positive in comparison
with others coatings (Fig. 3, Table II). This coating is
also characterized by the highest value of polarization
resistance, Rp. Based on these studies it was found that
with the increase in the molybdenum content in the alloy
coatings, their corrosion resistance increases.
TABLE I
Chemical composition [at.%] of the Ni–Mo alloy coatings
in dependence on the contents x [g dm−3] of Na2MoO4 ·










Corrosion parameters of the Ni–Mo alloy coatings in de-
pendence on the contents x [g dm−3] of Na2MoO4 ·2H2O
in a galvanic bath.
x Ecorr [V] jcorr [µm cm−2] Rp [Ωcm2]
5 –0.687 19.3 516
15 –0.654 17.1 600
25 –0.643 11.6 663
35 –0.626 7.6 728
45 –0.618 6.0 807
55 –0.616 4.6 1256
65 –0.601 2.9 1911
It should be added that the all Ni–Mo alloy coatings
show higher corrosion resistance as compared to steel
substrate value of the Ecorr S235 = −0.739 V and is
shifted towards negative values compared with Ni–Mo
alloy coatings (Fig. 3).
4. Conclusions
Based on the tests of the Ni–Mo alloy coatings it was
found that with the increase in the molybdenum content
Fig. 3. Log j = f(E) for the Ni–Mo alloy coatings in
dependence on the content x [g dm−3] of Na2MoO4 ·
2H2O in a galvanic bath: 1 — 65, 2 — 55, 3 — 45,
4 — 35, 5 — 25, 6 — 15, 7 — 5, and for the substrate:
8 — S235 steel.
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in the alloy coatings, their corrosion resistance increases.
The value of polarization resistance increases, the value
of the corrosion current decreases, and value of the cor-
rosion potential is shifted towards positive values. This
suggests a positive effect of increase content of Mo in
the Ni–Mo coatings on their corrosion resistance. These
coatings may be regarded as a protective coating for steel
substrate.
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